We have derived the relations describing optical indicatrix changes appearing in crystals of all the point symmetry groups for the different geometries of application of torque moment and light propagation directions.
Introduction
It is known that the piezooptic effect consists in the changes of optical impermeability 
where ijkl  is the fourth-rank piezooptic tensor, and ij B and 0 ij B the impermeability tensors of a strained and free samples, respectively. There are many techniques aimed at study of the piezooptic effect in crystals [1] . However, in order to determine some of the piezooptic coefficients   with the indices 1, 2, ...6   and 4, 5, 6   in the matrix notation, one needs to apply so-called shear stress to a crystalline sample. Usually the shear-stressed state is created when loading a sample along the bisector of two mutually orthogonal crystallographic axes. When the above stress is applied, the existing components of the stress tensor are not limited to the shear ones only, and additional compressive and extension stresses appear along the principal crystallographic directions [1] [2] [3] . Besides (see, e.g., the analysis [4] ), the piezooptic coefficients are usually measured with a high error that can exceed 30 per cent. This error is caused by a so-called barrelshaped distortion appearing due to a friction force between sample faces, a cover cap and a substrate used for sample loading. As a consequence, a resulting distribution of stresses inside a sample is a priori unknown. For more precise determination of the piezooptic coefficients, a three-point bending method is often used [5] . Then the stress distribution inside a sample can be determined in advance.
Notice that the same should be true when a torsion mechanical moment is applied to a sample. Moreover, application of this kind of stresses should have the advantage consisting in possibilities for determining the shear stress-associated piezooptic coefficients. As mentioned above, the piezooptic tensor components   with 1, 2, ...6   and 4, 5, 6   in the matrix notation are referred to such the coefficients.
Usually the latter cannot be measured in any simple way, due to a complicated experimental geometry required, and are therefore recalculated from the indirect experimental data on the basis of very cumbersome relations [2, 3] , thus imposing increasing errors that can exceed the typical mean values of the coefficients themselves.
As shown in our works [6] [7] [8] [9] [10] , application of the torsion [6, 7, 9, 10] or bending [7, 8, 10 ] stresses leads to some spatial distribution of the optical birefringence and the angle of optical indicatrix rotation in crystals. In particular, when a crystal is twisted around Z axis, a special point of zero induced birefringence is observed in the geometrical centre of XY cross section of a sample, corresponding to the zero shear stress components 13  and
23
 . This point belongs to the torsion axis. It has been found in our earlier studies that the birefringence linearly increases with increasing distance from the geometrical centre of the XY cross section. Moreover, it has been shown that the birefringence distribution forms a conical surface in the coordinates ( , , X Y n  ) [6, 7] .
The experiments mentioned above have used a single laser-beam polarimetry method, with scanning the beam across the XY face of a sample. This method reveals a low resolution limited by the laser beam diameter and so should be successfully replaced by an imaging polarimetric technique.
If a cylindrical sample is twisted around the Z axis, the relevant stress tensor components may be determined as [11] 
where z S M r PdS    , 4  and 5  are the Kronecker deltas, R the cylinder radius, S the square of the cylinder basis, and P the mechanical load. Thus, we deal with the two shear components of the stress tensor, 32  and 31  :
and
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accompanied by additional normal displacements in any other geometry of sample loading, thus leading to appearance of the compression and/or extension stress components. As a matter of fact, this is one of the reasons why complicated relations appear that couple so many piezooptic tensor components with the mechanical stresses. This is also a clear reason for increasing error of determination of a particular piezooptic coefficient.
In spite of promises associated with the piezooptic experiments that use torsion loading, the relations for the optical indicatrix perturbed by the torsion in crystals have not yet been derived. As a result, the goal of the present work is to deduce theoretical relations for the refractive indices, the birefringence and the optical indicatrix rotation describing the torsion of crystals belonging to different point groups of symmetry.
Results
In general, the piezooptic tensor may be presented as 
The piezooptic coefficients under our interest are indicated by the blue colour. 
where ij B denote the coefficients depending upon the stress tensor components and, subsequently, on the torque moments. The optical indicatrix parameters may be derived basing on eigen values of the optical impermeability tensor for different cross sections perpendicular to the light wave vector direction. The principal refractive indices, the optical birefringence and the angles of the optical indicatrix rotation thus obtained by us for the crystals and textures of different symmetry systems are presented in Tables 1 to 9 .
Conclusion
In the present work we have derived the relations that describe the optical indicatrix changes appearing for all of the point symmetry groups for different cases of geometries concerned with the torque moment application and the light propagation. The aim of this study has not included a comprehensive analysis of the relations presented above, so that the paper has mainly a systematic value. A detailed analysis should be performed separately for each specific experimental situation.
